Water Quality in the Little Sac River Basin near
Springfield, Missouri, 1999-2001

By Brenda J. Smith

Abstract

The Little Sac River, north of Springfield,
Missouri, flows through mainly agricultural and
forest land. However, the quality of theriver water
is aconcern because the river flows into Stockton
Lake, which is a supplemental drinking water
source for Springfield. Large bacterial densities
and nutrient concentrations are primary concerns
to the water quality of the river.

A 29-river milereach of the Little Sac River
isonthe 1998 list of waters of Missouri designated
under section 303(d) of the Federal Clean Water
Act because of fecal coliform densities|arger than
the Missouri Department of Natural Resources
standard (hereinafter referred to as Missouri stan-
dard) of 200 colonies per 100 millilitersfor whole-
body contact recreation. During aninvestigation of
thewater quality intheLittle Sac River by the U.S.
Geological Survey, in cooperation with the Water-
shed Committee of the Ozarks, fecal coliform bac-
teriadensities exceeded the Missouri standard (the
standard appliesfrom April 1 through October 31)
in one sample from a site near Walnut Grove. At
other sites on the Little Sac River, the Missouri
standard was exceeded in two samples and
equalled in one sample upstream from the North-
west Wastewater Treatment Plant (NW WTP) and
in one sample immediately downstream from the
NW WTP.

Effluent from the NW WTP flows into the
Little Sac River. Annually from April 1 through
October 31, the effluent is disinfected to meet the
Missouri standard for whole-body contact recre-
ation. Fecal coliform bacteria densitiesin samples

collected during this period generally were less
than 100 colonies per 100 milliliters. For the rest
of the year when the effluent was not disinfected,
the bacteria densities in samples ranged from 50
(sampl e collected on November 1, 2000) to 10,100
colonies per 100 milliliters (both counts were non-
ideal).

When the effluent was disinfected and the
fecal coliform bacteriadensity was small, samples
from sites upstream and downstream from the NW
WTP had abacteriadensity larger than the density
in the effluent. Other sources of bacteriaarelikely
to be present in the study areain addition to the
NW WTP. These potential sourcesinclude effluent
from domestic septic systems and animal wastes.

Nutrient concentrations in the Little Sac
River immediately downstream from the NW
WTP were affected by effluent from the NW WTP
and possibly other sources. At two sites upstream
from the NW WTP, median nitrite plus nitrate con-
centrations were 1.1 and 1.4 milligrams per liter.
The median nitrite plus nitrate concentration for
the effluent from the NW WTPwas 6.4 milligrams
per liter, and the median concentration decreased
downstream in the Little Sac River to 2.2, 1.2, and
0.56 milligrams per liter.

The effects of the effluent from the NW
WTP on the water quality of the Little Sac River
downstream from the NW WTP were reflected in
an increase in discharge (effluent from the NW
WTP can be as much as 50 percent of the flow at
the site about 1.5 river miles downstream from the
NW WTP), an increase in specific conductance
values, anincreasein several inorganic constituent
concentrations, including calcium, magnesium,
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and sulfate, and alarge increase in sodium and
chloride concentrations. The effluent fromthe NW
WTP seemed to have no effect on the pH value,
temperature, and dissol ved oxygen concentrations
in the Little Sac River.

Results of repetitive el ement polymerase
chain reaction (rep-PCR) pattern anaysisindi-
cated that most Escherichia coli (E. coli) bacteria
in water samples probably were from nonhuman
sources, such as horses and cattle. The rep-PCR
pattern analysis indicated that horses were an
important source of E. coli downstream from the
NW WTP, which was consistent with horses pas-
tured adjacent to the sampling site.

Fecal coliform bacterialoads increased
upstream from the NW WTP from the most
upstream site to the site immediately upstream
from the NW WTP. Loads in the effluent from the
NW WTP and also those in the Little Sac River
downstream from the NW WTP were dependent
on the treatment of the effluent. When the effluent
was not disinfected, the loads in the effluent
increased from those upstream. Downstreaminthe
Little Sac River, the loads decreased, but then
increased at the most downstream site. The
increase may be aresult of increased loads from
tributaries and other sources not sampled during
the study. When the effluent was disinfected, fecal
coliform bacterialoads were less than loads in
samples from the Little Sac River downstream
from the N\W WTP.

INTRODUCTION

The Little Sac River (fig. 1), in southwestern
Missouri, iswithin the Springfield Plateau of the Ozark
Plateaus physiographic province (Fenneman, 1938).
From its headwatersin Greene County, the Little Sac
River flows about 45 mi (miles) through mostly rural
agricultural areas until it reaches Stockton Lake—a
source of drinking water for thecity of Springfield. The
annual mean discharge for the Little Sac River
upstream from Stockton Lake was 266 ft3/s (cubic feet
per second) for the 1999 calendar year and 75.4 ft3/sfor
the 2000 water year (October 1999 through September
2000; Hauck and Nagel, 2001). The Little Sac River
has five designated beneficial uses—livestock and

wildlife watering, protection of warm-water aquatic
life, cool-water fishery, whole-body contact recreation,
and boating and canoeing (Missouri Department of
Natural Resources, 1996).

Springfield is one of the fastest growing areasin
the State. From 1990 to 2000, the population increased
from 140,494 to 151,580, a 7.9 percent increase (U.S.
Bureau of the Census, 1990, 2000). With this popula-
tion increase comes a corresponding increase for drink-
ing water supply. In the past, Springfield has used the
surface-water sources of Fulbright Spring, Fellowsand
McDaniel Lakes, and the James River (in the southern
part of Springfield) and ground water from municipal
wellsfor itsdrinking water supply. In 1996, Springfield
began receiving part of its public water supply from
Stockton Lake and decreased its dependence on ground
water. The water from Stockton Lakeis used to supple-
ment drinking water supplies from Fellows Lake. The
intake for the Stockton Lake supply is located on an
arm of the lake that receives inflow from the Little Sac
River.

Densities of fecal coliform bacteria greater than
the Missouri standard for whole-body contact recre-
ation (Missouri Department of Natural Resources,
1996) of 200 col/100 mL (colonies per 100 milliliters)
have been detected at amonitoring siteontheLittle Sac
River north of Springfield (Little Sac River near Walnut
Grove; site 6, fig. 1). Theexceedencesof fecal coliform
bacteria at this site have resulted in a29-river mi reach
of the Little Sac River being included on the 1998 list
of waters designated under section 303(d) of the Fed-
eral Clean Water Act by the Missouri Department of
Natural Resources (MDNR; Missouri Department of
Natural Resources, 1998). The presence of fecal
coliform bacteria indicates contamination by fecal
wastes of humans or other warm-blooded animals, or
both. Potential sources of fecal contamination to this
reach of the Little Sac River include the city of Spring-
field's Northwest Wastewater Treatment Plant (NW
WTP), livestock within the basin, and domestic septic
systems.

Nutrient concentrations are another water-qual-
ity factor in the Little Sac River and ultimately in
Stockton Lake. Effluent from the NW WTP may be
contributing to nutrient concentrations. Other possible
nutrient sources are fertilizers and the presence of
hobby and livestock farms with large numbers of live-
stock, including cattle, horses, swine, and sheep.
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Figure 1. Location of U.S. Geological Survey sampling sites in the Little Sac River Basin near
Springfield, Missouri.
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Because of the water-quality concerns and the
need to better understand the water quality inthe Little
Sac River, the U.S. Geological Survey (USGS), in
cooperation with the Watershed Committee of the
Ozarks, began a study of the water quality in the Little
Sac River. The emphasis of the study was on the distri-
bution and possible sources of fecal coliform bacteria
and nutrients.

Purpose and Scope

This report describes water quality in the Little
Sac River Basin, with an emphasis on distribution and
possible sources of fecal coliform bacteria and nutri-
ents. Data also are presented on the distribution of inor-
ganic constituents, sel ected trace elements, and organic
compounds commonly associated with municipal and
domestic wastewater. The possible origin of fecal
coliform bacteriain water samples was investigated
using molecular genetic techniques being researched at
the University of Missouri at Columbia College of Vet-
erinary Medicine.

More than 100 samples were collected from a
network of 9 sites during an 18-month study from
November 1999 through April 2001. Water samples
were submitted for various analysesincluding indicator
bacterial densities, total nutrients, and optical brighten-
ers. Selected samples were analyzed for inorganic con-
stituents, selected trace elements, and a suite of 46
organic compounds.

Previous Investigations

The USGS has collected water samplesfrom the
Little Sac River near Walnut Grove (site 6; fig. 1)
monthly in water years 1984 to 1986 (October 1983
through September 1986), 1988 to 1990 (October
1987 through September 1990), 1994 to 1996 (Octo-
ber 1993 through September 1996), and from October
1998 through April 2001. This sampling was done as
part of the Ambient Water-Quality Monitoring Net-
work in cooperation with the MDNR. The fecal
coliform bacteria density was more than the Missouri
standard of 200 col/100 mL in 21 of 88 samples and
egualled the standard in 2 samples. In 16 of the sam-
ples, the fecal coliform density ranged from 230 to
11,000 col/100 mL. Most of the larger densities

throughout the sampling period occurred when the
streamflow was more than 110 ft%/s, indicati ng large
bacteria densities associated with high flow.

Nutrient concentrationsal so weredetermined for
the samples collected by the USGS. The median total
nitrite plus nitrate concentration as nitrogen (hereinaf-
ter referred to as nitrite plus nitrate) in 68 sampleswas
1.75 mg/L (milligrams per liter), and concentrations
ranged from less than 0.10 to 4.5 mg/L. The median
total phosphorus concentration in 87 sampleswas0.18
mg/L; concentrationsranged from lessthan 0.02to0 2.2
mg/L. Total orthophosphorus as phosphorus (hereinaf-
ter referred to asorthophosphorus) concentrationsin 18
samples collected from November 1993 through Octo-
ber 1999 ranged from less than 0.01 to 0.80 mg/L. The
median concentration in these samples was 0.06 mg/L.

The MDNR, Water Pollution Control Program
(WPCP) collected water samples from the Little Sac
River upstream and downstream from the NW WTP.
Sampleswere collected in July and August 1999 and in
May, August, and September 2000. Upstream from the
NW WTP, fecal coliform bacteria density was 370
col/100 mL in the May 2000 sample; the remaining
four samples had densitieslessthan 200 col/100 mL. A
sample collected at the effluent from the NW WTPin
September 2000 had a density of 700 col/100 mL.
Other samples collected at the effluent from the NW
WTP had densities|essthan 200 col/100 mL. Thefecal
coliform bacteria densities at the Little Sac River near
Walnut Grovewere 200 col/100 mL or larger 12.5 river
mi downstream from the NW WTP in all samples col-
lected during 2000. The samples collected during 1999
had densitieslessthan 200 col/100 mL ontheLittle Sac
River near Morrisville, 23 river mi downstream from
the NW WTP. Two samples collected during 2000 had
fecal coliform densities greater than 200 col/100 mL
(410 and 430 col/100 mL). The other three samples had
densitieslessthan 200 col/100 mL (Scott Goodin, Mis-
souri Department of Natural Resources, Water Pollu-
tion Control Program, written commun., 2001).

The Springfield Department of Public Works has
collected water samples upstream and downstream
from the NW WTP for analysis of ammonia and dis-
solved oxygen concentrations. From November 1999
through May 2001, concentrations of anmonia as
nitrogen (hereinafter referred to as ammonia) in sam-
ples collected upstream from the NW WTP ranged
from lessthan 0.1 to 1.1 mg/L. The dissolved oxygen
concentrations ranged from 5.6 to 16.3 mg/L. Down-
stream from the NW WTP, ammonia concentrations
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ranged from less than 0.1 to 1.52 mg/L. The dissolved
oxygen concentrations ranged from 5.6 to 15.4 mg/L
(Jim Burks, City of Springfield, Department of Public
Works, written commun., 2001).

Springfield City Utilities has collected water
samples from the Little Sac River at Farm Road 141
(old State Highway 13) and at the Hamilton Bridge
west of Morrisville (near site 9; fig. 1). Samples were
collected at the site on Farm Road 141 during 1995.
Nitrite plus nitrate concentrationsranged from 0.208 to
0.777 mg/L. Orthophosphorus concentrations ranged
from 0.021 to 0.034 mg/L. The nitrite plus nitrate con-
centrations in water samples collected from the Little
Sac River near Morrisville from April 1991 through
May 2001 ranged from less than the detection limit of
0.001 to 7.96 mg/L.. Except for the concentration of
7.96 mg/L, the concentrations for all remaining sam-

ples were less than 1.80 mg/L. The orthophosphorus
concentrations ranged from less than 0.001 to 0.390
mg/L (John Witherspoon, City Utilities of Springfield,
written commun., 2001).

Three landfillsarein the study area (fig. 2). Two
of the landfills are in the upper part of the Little Sac
River Basin, both upstream from the NW WTP. The
Fulbright Landfill, on the south bank of the South Dry
Sac River upstream from State Highway 13, accepted
municipal and industrial wastesfrom 1962 to 1969; the
Sac River Landfill, which accepted municipal and
industrial wastesfrom 1968 to 1974, isin abend of the
Little Sac River upstream from the NW WTP. The two
landfills, considered to be one site, are on the U.S.
Environmental Protection Agency’s (USEPA) National
Priority List (Superfund). During 2000, the USEPA
determined that further active remediation was not nec-
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essary and that human health and the environment
remain protected (Debbie Krieg, U.S. Environmental
Protection Agency, written commun., 2001). Surface-
water, ground-water, and |eachate monitoring will con-
tinue to be conducted upgradient and downgradient
from the two landfills. Arsenic, beryllium, cadmium,
chromium, lead, mercury, nickel, zinc, and selected
volatile organic compounds are the contaminants of
concern. Concentrations were less than the detection
limit for volatile organic compounds and near back-
ground concentrations for trace elements. Water sam-
ples from the Superfund site were not analyzed for
bacteria and nutrients. The Springfield Sanitary Land-
fill, on a1,000-acre site, is upstream from the junction
of State Highway 13 and County Highway BB (fig. 2).
With vegetation growing on bare soil and the construc-
tion of a stormwater retention basin to alleviate total
dissolved solids concentrations, thelandfill generaly is
in compliance with Missouri standards (Steve Short,
Missouri Department of Natural Resources, oral com-
mun., 2001).
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DESCRIPTION OF THE STUDY AREA

The Little Sac River Basin consists of about 390
mi? (square miles) in parts of Greene and Polk Coun-
ties. The study areaincluded the Little Sac River down-
stream from McDaniel Lake to its junction with
Stockton Lake and encompasses the reach of the Little
Sac River that is on the 303(d) list of impaired waters
by the MDNR. Mgjor tributariesto the Little Sac River
include the South Dry Sac River, North Dry Sac River,
and Asher Creek.

Climate

The Little Sac River Basin is characterized by a
temperate climate with warm, humid summers and
cool, wet winters. The National Oceanic and Atmo-
spheric Administration (NOAA) operates aclimatolog-
ical station at the Springfield-Branson Regional
Airport, which isin the northwestern part of the city of
Springfield. The average temperature range as mea-
sured at the airport is 67 to 90 °F (degrees Fahrenheit)
during the summer and 20 to 42 °F during the winter
(National Oceanographic and Atmospheric Adminis-
tration, 1999, 2000, 2001).

The average annual precipitation is43in.
(inches) of rainfall and 17 in. of snowfall in Springfield.
The average annual precipitation during the sampling
period from November 1999 through April 2001 was
58.1in. Rainfall recorded at the Springfield-Branson
Regional Airport during that timewas54.3in. The
departure from average monthly precipitation is shown
in figure 3. Larger than average quantities of precipita
tion fell in 4 months of the sampling period, and during
that timemorethan 12 in. of precipitation wasrecorded
above average quantities. M ost samples were collected
in months that had less than average precipitation.

Land Use

Land usein the Little Sac River Basin predomi-
nantly isagricultural and forest with some urban areas.
Cropland and pastureland comprise 63.5 percent of the
basin; beef (cow-calf) and dairy operations are
included in pastureland. Deciduous forest covers 27
percent of the basin with mixed forest covering 1.9 per-
cent. Reservoirs, including Stockton, Fellows, and
McDaniel Lakes comprise 3.8 percent of the basin.
Residential areas comprise 1.5 percent and are
restricted to northern Springfield along with severa
communities, including Morrisville, Walnut Grove,
and Strafford. Other land uses are less than 2 percent
(Richard Bradford, U.S. Geological Survey, written
commun., 1999) and include landfills (fig. 2) and the
NW WTP.

Agricultural data, available for Greene County,
but not specifically for the Little Sac River Basin (U.S.
Bureau of the Census, 1997), indicate that the number
of farms and livestock are decreasing. In 1992, the
number of farmsin Greene County was 2,103 and had
decreased to 1,997 by 1997. The number of cattle and
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Figure 3. Departure from average precipitation at the Springfield-Branson Regional Airport, 1999-2001
(data from the National Oceanic and Atmospheric Administration, 1999-2001).

calves was 87,806 during 1992 and 79,119 during
1997. The number of swine during 1992 was 5,287 and
during 1997 was 4,545.

Topography and Geology

Land-surface elevations in the study arearange
from about 950 ft (feet) at the downstream site on the
Little Sac River in the northwestern part of the study
areato about 1,100 ft in the southeast. Flow intheLittle
Sac River beginsin the upland areanortheast of the city
of Springfield and continues northwest through the
study area.

The dlightly rolling hills of the Springfield Pla-
teau contain numerous karst features, including sink-
holes, springs, and caves. Numerous sinkholes are
present in Greene County, especially north and north-

west of Springfield near the southern part of the study
area(Waite and Thomson, 1993). The presence of karst
features makes ground water in the underlying rocks
susceptible to contamination from surficial sources.
Mississippian-age cherty limestones form the
bedrock in most of the study area (Imes, 1989). How-
ever, dolostones of Ordovician age crop out in the gen-
eral vicinity of the North Dry Sac River (Imes, 1989;
Missouri Division of Geology and Land Survey, 1979).

METHODS OF STUDY

To determine the water quality of the study area,
anetwork of sampling sites was established. Water
samples were collected from these sites and analyzed
for avariety of indicator bacteria densities and inor-
ganic and organic constituents.

Methods of Study 7



Monitoring Network and Sample
Collection

Following areconnaissance of the study areain
early November 1999, anetwork of nine sampling sites
was established (fig. 1). Sampling site selection was
based on accessibility to the stream and adequate site
characteristicsfor collecting water-quality samplesand
measuring discharge at low and high flows. Water-
quality samples were collected at 4 sites 14 times dur-
ing the study (November 1999 through April 2001) and
6 times at the remaining 5 sites. Several siteswere
established upstream and downstream from the NW
WTPto provide data on the effects of the effluent from
the NW WTP on the water quality of the Little Sac
River, in addition to providing data on the distribution
of bacteria, nutrients, and other constituents.

Site 1 on the South Dry Sac River is upstream
from the NW WTP. Although this siteis on atributary
totheLittle Sac River, inthisreport, it is considered as
asite on the Little Sac River because at the start of the
sampling period, in November 1999, no flow was
observed inthe Little Sac River upstream from the NW
WTP (table 1, at the back of this report). When water
was flowing in the Little Sac River upstream from the
NW WTP, the flow at site 1 generally was larger than
that in the Little Sac River. Sample collection at site 1
was downstream from the bridge on Farm Road 141.
During the sampling period, no livestock were present
in the adjacent pastureland, and access to the river was
fenced. Beneficial uses of the South Dry Sac River are
livestock and wildlife watering and protection of
warm-water aguatic life.

Another site upstream from the NW WTP was
the Little Sac River at Farm Road 141 (site 2). Thissite
isimmediately downstream from McDaniel Lake.
Access to the river was fenced at this site a so.

Site 3, the Little Sac River at Ritter Spring, also
is upstream from the NW WTP. Water samples were
collected about 1,000 ft downstream from the junction
of the Little Sac River and Ritter Spring. The Ritter
Spring City Perk is upstream from site 3, and the Sac
River Landfill is adjacent to the site on the east. The
median discharge at this site during the study was 11.2
ft3/s (table 2, at the back of this report).

The effluent from the NW WTP was designated
as site 4. The pipe transporting the effluent from the
NW WTPto the Little Sac River is at the northwestern
part of theNW WTP. Itisoneof two treatment facilities
for the city of Springfield. The NW WTP processes
mainly domestic sewage, except for some industrial

and commercia waste. The effluent fromthe NW WTP
contributes substantial flow to the Little Sac River
downstream from the NW WTP. The median discharge
of the NW WTP when water samples were collected
was 6.6 ft3/s.

Site 5, the Little Sac River at Farm Road 125, is
about 1.5 river mi downstream from the NW WTP. The
sampling site was about 250 ft upstream from alow-
water bridge acrossthe Little Sac River. A commercial
horse stableis less than 0.5 mi from the river. Cattle
also were observed near the horse stable. Accessto the
river was fenced.

The Little Sac River near Walnut Grove was site
6, about 12.5 river mi downstream from the NW WTP.
Aspreviously discussed, thissiteis part of the Ambient
Water-Quality Monitoring Network (station number
06918600), and as such, a monthly water-quality sam-
ple was collected, in addition to the 14 samples col-
lected for thisinvestigation, for atotal of 32 samples.
Samples were collected about 5 ft upstream from a
bridge over the Little Sac River east of Walnut Grove.
Cattle were observed in pastureland adjacent to the
river. Access to the river was fenced.

Site 7 wasonthe North Dry Sac River, atributary
totheLittle Sac River, at alow-water crossing at acom-
mercial sod farm. In November 1999 and October
2000, no flow was observed at the site. However, apool
of water was sampled each time. During the sampling
period, the streambed was disturbed, probably by
heavy egquipment. Beneficial uses of the North Dry Sac
River include livestock and wildlife watering and pro-
tection of warm-water aguatic life.

Another tributary to the Little Sac River, Asher
Creek, was sampled at site 8. The sampling site, near
the junction of the creek and the Little Sac River, was
at alow-water crossing on agravel road southwest of
Morrisville. Water samples were collected upstream
from the low-water crossing. Cattle were observed
adjacent to the creek and had direct accessto the water.
No beneficial uses have been designated for Asher
Creek.

The most downstream site (site 9) was the Little
Sac River near Morrisville. A USGS continuously
recording streamflow gaging station is at this site (sta-
tion number 06918740). Samples were collected about
0.25 river mi downstream from Hamilton Bridge on
State Highway 215, about 2 mi west of Morrisville. No
livestock were observed near the river.

8 Water Quality in the Little Sac River Basin near Springfield, Missouri, 1999-2001



At al sites, measurements of discharge, specific
conductance, pH, water temperature, and dissolved
oxygen were made, and water-quality samples were
collected and analyzed for indicator bacteria and total
(unfiltered) nutrients. Indicator bacteriaincluded fecal
coliform, fecal streptococcus, and Escherichia coli (E.
coli). Nutrient analyses included nitrite, nitrite plus
nitrate, ammonia, phosphorus, and orthophosphorus.
Additional water samples were collected at each site
and analyzed for dissolved inorganic constituents,
including calcium, magnesium, sodium, potassium,
sulfate, chloride, fluoride, and the trace elementsboron
and strontium. Selected samples were analyzed for
compounds associated with wastewater, including opti-
cal brighteners.

Water samples for the analysis of inorganic con-
stituents were collected according to the general proto-
cols described in Shelton (1994). Depth integrated,
equal-width samples were collected from the stream
using ahand-held USGS DH-81 isokenetic Teflon sam-
pler. A minimum of five individual subsampleswere
collected at equal-width intervals across the stream
channel and composited in 1- or 3-L (liter) Teflon con-
tainers. Where depthswere lessthan 1 ft and velocities
were less than 1 ft/s (foot per second), grab samples
were collected by filling a1-L Teflon bottle near the
center of flow.

Samples for the determination of nitrogen spe-
cies and orthophosphorus were placed in amber 125-
mL (milliliter) polyethylene bottlesand chilled to 4 °C
(degrees Celsius). Samples for the determination of
phosphorus were put into 125-mL clear polyethylene
bottles and preserved to pH less than 2 with sulfuric
acid before chilling to 4 °C. Samplesfor the determina-
tion of dissolved inorganic constituents were filtered
through a 0.45 um (micrometer) pore-size disposable
capsule filter using a peristaltic pump as the pressure
source. Samples for inorganic constituents and trace
elements were placed in acid washed 250-mL polyeth-
ylene bottles and acidified to pH less than 2 with nitric
acid. Samples for the determination of organic constit-
uentswere placed in baked 40-mL amber vias (optical
brighteners) or 1-L amber glass bottles (other com-
pounds associated with wastewater). Blanks for inor-
ganic constituents and nutrients were prepared by the
USGS laboratory in Denver, Colorado. Concentrations
of inorganic constituents and nutrients in the blank
sampleswere at or lessthan laboratory reporting limits.

Concentrations of inorganic constituents and
nutrients were determined at the USGS laboratory in
Ocala, Florida, using published USEPA or USGS
methods. Concentrations of wastewater organic com-
pounds were determined by gas chromatography-mass
spectrometry at the USGS laboratory in Denver, Colo-
rado. Determinations of optical brighteners were done
using spectrofluoroscopy at the USGS laboratory in
Rolla, Missouri.

Bacteria Methods

Bacteria samples were collected in sterilized
500-mL polyethylene bottles. The bottles werefilled
by plunging them neck downward beneath the water
surface at the centroid of flow in the stream. After col-
lection, the sampleswere placed onice until processing
and enumerated using the membrane filter technique
according to methods described in Wilde and Radtke
(1998). Daily blanks were prepared by filtering 50 or
100 mL of sterile buffer water through the appropriate
filters and incubation with the samples. No fecal
coliform, fecal streptococcus, or E. coli colonies were
detected in any of the blank samples.

Microbial Source Tracking (MST), the compari-
son of deoxyribonucleic acid (DNA) “fingerprints’ of
bacteriaisolates from a sample to isolate groups from
known sources, was used in this study to help identify
the primary sources of E. coli inwater samples. Theuse
of MST has been shown to be useful in discriminating
between human and nonhuman sources of E. coli in
water samples from aFloridaestuary (Parveen and oth-
ers, 1999) and between various animal sources
(Schlottmann and others, 2000). A form of MST called
rep-PCR was used in this study. Different size DNA
fragments are amplified from both an environmental
sample and known-source feces to produce a banding
pattern. The resulting banding patterns of the E. coli
from the environmental water sample are compared to
the banding patterns from E. coli in the known-source
feces for similarity and possible identification.

Water samples collected from three sites (sites 1,
5, and 6) in March, June, and July 2001 and from four
sites(sites 1, 4, 5, and 6) in April 2001 were submitted
to the University of Missouri at Columbia College of
Veterinary Medicine for rep-PCR pattern analysis.
These samples were collected identically to the sam-
ples collected for indicator bacteria.

Methods of Study 9



Water sampl es to determine the presence of the
human pathogen E. coli O157:H7 were processed at the
Department of Veterinary Pathobiology, University of
Missouri, Columbia. Water samples were filtered with
a0.45-um membrane filter and incubated at 37 °C for
12 to 16 hourson mEndo-L ES agar. Between 20 and 30
shiny metallic colonieson thefiltersweretransferred to
a second set of mEndo-LES plates and to mFC plates
using sterile toothpicks. The mEndo plates were incu-
bated at 37 °C and the mFC plates were incubated at
44.5 °C for 24 hours. Only colonies that were positive
for E. coli O157:H7 on the plates were further tested.
Lastly, the positive colonies were transferred to McCo-
nkey Sorbitol plus MUG agar and incubated for 4to 6
hours at 37 °C.

Data Analysis

Statistical tests on water samples were done
using the computer software SY STAT (SPSSInc.,
1998). Summary statisticsfor each site were computed
using all data. Censored data included values reported
as not detected at the laboratory reporting limit (less
than values), estimated values (E values) for some mea-
surements or chemical constituents detected at |ess
than the reporting limit, and less than non-ideal plate
counts (K values) for indicator bacteria. Because the
less-than values and estimated values represented a
small fraction of the data set, they were converted to
numerical values by removing the remark code. Cen-
sored indicator bacteria densities, such as non-ideal
plate counts, also were used in all statistical calcula
tions by removing the remark code.

The distribution of selected physical property
and chemical constituents were graphically displayed
using truncated, side-by-side boxplots. The boxplots
show selected percentiles of the data distribution
including the 25th, 50th (median), and 75th. Points
within 1.5 timestheinterquartilerange areindicated by
“whiskers’ from the center of the box. Outlier values
include those that are within 1.5 and 3 times the inter-
guartile range and more than 3 times the interquartile
range.

The nonparametric Kruskal-Wallis analysis of
variancetest (Helsel and Hirsch, 1992) was used to test
for differencesin the distributions of the data among
groups. Thedistributionswere considered significantly
different from one another if the probability (p-value)
islessthan 5 percent (Iess than 0.05) that the observed
difference occursby chance. If astatistically significant

difference was detected among the data groups, indi-
vidual differenceswere evaluated by applying Tukey’s
multiple comparison test to the rank-transformed data
(Helsel and Hirsch, 1992).

WATER QUALITY

Values of physical properties, bacteriadensities,
and concentrations of inorganic constituents, nutrients,
selected trace elements, and organic compounds asso-
ciated with wastewater were determined during the
sampling period to provide additional data on the gen-
eral water quality of the Little Sac River. Physical prop-
ertiesincluded discharge, specific conductance, pH,
water temperature, and dissolved oxygen. Bacteria
densities were determined for fecal coliform, fecal
streptococcus, and E. coli. Inorganic constituents deter-
mined were calcium, magnesium, sodium, sulfate, and
chloride. Sampleswere analyzed for total nitrite, nitrite
plus nitrate, ammonia, phosphorus, and orthophospho-
rus. Boron and strontium were the trace elements ana-
lyzed. Concentrations of organic compounds
associated with wastewater also were determined.

Physical Properties

The Little Sac River generally isagaining
stream. However, the uncertainty in the discharge mea-
surement (estimated at 5 to 10 percent) and the rela
tively small quantity of flow makesit difficult to state
this conclusion with certainty, especialy in the upper
reaches of the Little Sac River and during low-flow
conditions. Discharge for sampling sitesis shown in
figure 4 for selected sample collection timesin Novem-
ber 1999 and March and July 2000, including alow
flow and two larger flows. High flow was measured at
only afew sites during the study. During the time of
sample collection shown in figure 4, all reaches of the
Little Sac River gained flow, except for the reach from
site 5 to 6 in March 2000; the discharge in this reach
remained stable.

Dischargeincreased from site 1 to site 3, and on
certain dates, inflow from site 2 substantially increased
the dischargein the Little Sac River. For therest of the
sampling period, flow was small or nonexistent at site
2. Effluent from the NW WTP generally increased the
dischargein the Little Sac River; the effluent was more
than 50 percent of the discharge measured at site 5
immediately downstream from the NW WTP during 8

10 Water Quality in the Little Sac River Basin near Springfield, Missouri, 1999-2001
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Figure 4. Variation in stream discharge in the Little Sac River, 1999—2000.

of the 14 sampling times. However, during periods of
low flow in November 1999 and October 2000, the dis-
charge at site 5 was | ess than the discharge from site 3,
including the addition of effluent from the NW WTP
(site 4). The discharge generally increased from site 5
to site 6. However, the discharge at site 5 was slightly
larger or similar to that at site 6 for some measure-
ments, indicating little if any inflow from small tribu-
taries or ground-water contribution in this reach. The
increase in discharge in the Little Sac River at site 9
from site 6 reflects contribution from tributary inflow
fromthelargest tributariesin thelower part of the study
areaat sites 7 and 8, but al so reflectswater gained from
ground water through the streambed.

Specific conductance values provide an indica
tion of the dissolved solids concentration of the water.
Median specific conductance valuesin the study area
ranged from 365 uS/cm (microsiemens per centimeter
at 25 degrees Celsius) (site 2) to 1,170 nS/cm (site 4;
table 2, fig. 5). Median specific conductance values for
tributaries to the Little Sac River generally were less

than the values in the Little Sac River. In the Little Sac
River, the median specific conductance was 505 uS/cm
a site 1 and 500 uS/cm at site 3. Inflow from the NW
WTP increased the median specific conductance value
inthe Little Sac River, with the largest increasesimme-
diately downstream from the NW WTP. Specific con-
ductance values at site 9, the most downstream site,
reflected continued dilution by increasing discharge.
The median specific conductance value at site 5 was
745 uS/cm, and the value decreased from 636 uS/cm at
site 6to 518 uS/cm at site 9.

The pH valuesfor al sitesin the study area usu-
aly were between 7.5 and 8.2 (table 1). Thisrange is
consistent with surface water that is not affected by the
oxidation of certain species, including sulfur and iron
(Hem, 1992). Median pH valuesfor al sites ranged
from 7.7 to 8.1. The median pH value for most siteson
the Little Sac River was 8.0 and dlightly larger. The
median pH value for the effluent from the NW WTP
was 7.7.

Water Quality 11
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Water temperature data (table 1) were divided
into two categories—summer (March through August)
and winter (September through February). The temper-
aturesfor al sites aong the Little Sac River were not
significantly different during the summer months. The
temperature of the effluent from the NW WTP does not
affect the temperature of the water in the Little Sac
River downstream from the NW WTP. In the winter
months, the water temperature of the effluent from the
NW WTP is higher than the temperature at the other
sitesin the Little Sac River. However, the temperature
of the effluent does not increase the water temperature
a sites downstream from the NW WTP.

M edian dissolved oxygen concentrations ranged
from 5.0 at site 7t0 10.8 mg/L at site 6. The lowest dis-
solved concentration at site 7 occurred when there was
no flow and pooled water was sampled. The median
dissolved oxygen concentration in the Little Sac River
ranged from 9.6 to 10.8 mg/L. The concentration in the
outflow from the NW WTP was 8.8 mg/L, which was
smaller than that of sites upstream and downstream
from the NW WTPR.

Bacteria

The fecal indicator bacteria measured in this
study originatein theintestinal tracts of warm-blooded
animals and include the fecal coliform and fecal strep-
tococcus groups and E. coli. The fecal coliform test is
not strictly specific to fecal coliform bacteriathat orig-
inate in warm-blooded animals, but may include soil
bacteria. E. coli can live for only short periods outside
the intestinal tracts of warm-blooded animals and its
presence in awater sampleis evidence of fecal contam-
ination from warm-blooded animals. E. coli in water
also isan indicator of the possible presence of human
pathogens (Eaton and others, 1995).

Fecal coliform densities in water samples from
the Little Sac River near Walnut Grove (site 6)
exceeded 200 col/100 mL in 2 of 32 samples (6 per-
cent). The densitiesin these samples were 600
col/100 mL on November 22, 1999, and 240
col/100 mL on May 24, 2000. The Missouri standard
for whole-body contact recreation applies only from
April 1 through October 31 for each year during non-
runoff conditions, and it applies only to the Little Sac
River, not any tributariesto theriver (Missouri Depart-
ment of Natural Resources, 1996). Therefore, the Mis-
souri standard was exceeded in 1 of 16 samples (6

percent). Fecal coliform densitiesat site 6 ranged from
2 to 600 col/100 mL. The median fecal coliform bac-
teria density for the study period was 65 col/100 mL.

At other sites on the Little Sac River, fecal
coliform densities exceeded 200 col/100 mL in 3 of 14
samples at site 1, in 2 of 6 samples at site 3, in 5 of 14
samplesat site 5, and in 2 of 6 samplesat site 9 (1
stormwater runoff sample). However, for the time that
the Missouri standard applied to fecal coliform densi-
ties, the standard was exceeded once at sites1 and 5 and
equalled once at site 3. Fecal coliform densitiesin sam-
ples from tributaries to the Little Sac River exceeded
200 col/100 mL in one of five samplesat site 2, in one
of six samples at site 7, and in three of six samples at
site 8.

Fecal coliform densities ranged from 8 to 692
col/100 mL, and the median density was 92 col/100
mL in the Little Sac River at site 1. The density at site
3 ranged from 4 to 800 col/100 mL with a median den-
sity of 159 col/100 mL. At site 4, the effluent from the
NW WTP that flows into the Little Sac River, feca
coliform densities ranged from 1 to 10,100 col/100
mL. The median density was 462 col/100 mL. At site5
downstream from the NW WTP, the density ranged
from 60 to 430 col/100 mL. The median density was
142 col/100 mL. The fecal coliform density at site 9
ranged from 33 to 4,400 col/100 mL; the median den-
sity was 106 col/100 mL.

One of thefactors determining thefecal coliform
density in the Little Sac River is the effluent from the
NW WTPthat isdischarged into the Little Sac River at
site4 (fig. 6). To meet the Missouri standard for whole-
body contact recreation, the NW WTP disinfects the
effluent that isdischarged into the Little Sac River from
April 1to October 31. The fecal coliform densities at
site 4 when disinfection was ongoing ranged from less
than 10 to 100 col/100 mL. The median density was 30
col/100 mL.

For the period of no disinfection from November
through March, thefecal coliform densities of the efflu-
ent from the NW WTP (site 4) ranged from 50 to more
than 10,000 col/100 mL with one-half of the densities
exceeding 4,560 col/100 mL. The fecal coliform den-
sity of 50 col/100 mL on November 1, 2000, the first
day after disinfection ended for the year, likely
reflected the residual effects of disinfection.

During thetimethat the NW WTPwas disinfect-
ing the effluent to the Little Sac River, the fecal
coliform densities upstream and downstream from the
NW WTP were larger than the density from the NW

14 Water Quality in the Little Sac River Basin near Springfield, Missouri, 1999-2001
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Figure 6. Fecal coliform bacteria densities in the Little Sac River, 1999-2001.

WTP Thefeca coliform densitiesat site 1 ranged from
66 to 692 col/100 mL. At site 2, the densities were 62
and 370 col/100 mL and were 120 and 200 col/100 mL
at site 3. Downstream from the NW WTP, the fecal
coliform densitiesranged from 60 to 340 col/100 mL at
site 5 and from 49 to 240 col/100 mL at site 6. The den-
sitieswere 60 and 140 col/100 mL at site 9. Themedian
densities ranged from 132 col/100 mL at site 1 to 159
col/100 mL at site 3 to 134 col/100 mL immediately
downstream from the NW WTP (site 5) to 106
col/100 mL at site 6 to 98 col/100 mL at site 9.
Whenthe NW WTPdid not disinfect the effluent
into the Little Sac River, the fecal coliform density
ranged from 11 to 400 col/100 mL at site 1. At site 2,
the density ranged from lessthan 5 to 18 col/100 mL.
The density at site 3 ranged from 4 to 800 col/100 mL
and at site 5 from 60 to 430 col/100 mL. The fecal
coliform density for this period ranged from 2 to 600

col/100 mL at site 6 and from 78 to 4,400 col/100 mL
a site 9. Immediately downstream from the NW WTP
at site 5, the fecal coliform density was larger (median
density of 222 col/100 mL) than that of the upstream
site 1 (median of 38 col/100 mL). The density
decreased substantially farther downstream at site 6
(median of 26 col/100 mL). The median fecal coliform
density of 899 col/100 mL at site 9 was affected by
large densitiesin November 1999 and during high flow
in February 2001.

During the period when the NW WTPisnot dis-
infecting the effluent, the discharged effluent contains
largedensities of fecal coliform. WhentheNW WTPis
disinfecting the effluent, the effluent contains small
densities of the bacteria. However, at site 5 the fecal
coliform density was similar for sampleswhen the NW
WTPwasdisinfecting the effluent and when it was not.
Therefore, the effluent from the NW WTP does not
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seemto affect thefecal coliform density at thissite. The
fecal bacteria densitieswere similar at sites 1, 3, and 5
for both samples collected when the effluent was disin-
fected at the NW WTP and when the effluent was not
disinfected. Based on these data, the fecal coliform
bacteria density at these sites was not affected by the
effluent from the NW WTP. The density farther down-
stream at site 6 is less than the density upstream from
the NW WTP at site 1. When the NW WTP was disin-
fecting the effluent, bacteria densities were larger at
sites upstream and downstream from the NW WTP
than the density in the effluent from the NW WTP. Bac-
teriadie-off and increased flow in the Little Sac River
probably contribute to the decreased densities down-
stream from the NW WTP. Effect of the effluent from
the NW WTPon fecal coliform density is surpassed by
local sources of bacteria.

At site 6, the fecal coliform density in samples
collected during the time of no effluent disinfection
was significantly larger (p<0.05) than the density in
samples collected when the effluent was disinfected,
generally during the summer and early fall. This may
be aresult of increased bacteria growth from warmer
air and water temperatures, generally smaller stream-
flow, and increased grazing by livestock adjacent to the
river.

No Missouri standard exists for fecal strepto-
cocci or E. coli bacteria. However, the fecal strepto-
cocci density in most samples was less than the fecal
coliform density, although the fecal streptococci den-
sity was larger in several samples upstream from the
NW WTRP TheE. coli density in samplesgenerally was
larger than that for fecal streptococci.

The fecal coliform instantaneous load is a mea-
sure of the number of fecal coliform bacteriapresentin
the volume of water that passed a specific location per
unit time. A small stream with large bacteria densities
can contribute small loads, whereas alarge stream with
small bacteria densities can contribute large loads.

During the time that the effluent from the NW
WTP was not disinfected, fecal coliform bacterialoads
increased intheLittle Sac River fromsite 1 to site 3and
further increased in the effluent from the NW WTP
(fig. 7). Downstream from the NW WTP, the loads
decreased from site 5 to 6 then increased at site 9. The
increase at site 9 likely was the result of the large bac-
terialoads at sites 7 and 8, both tributaries to the Little
Sac River, and other unidentified sources from streams
that were not sampled in this study.

From April 1 through October 31 when the efflu-
ent from the NW WTP was disinfected, the fecal
coliform bacteria densities generally increased from
site1tosite3 (fig. 7). Theload for the effluent from the
NW WTPwaslessthantheload at site 3. Loads at sites
5, 6, and 9 on the Little Sac River were larger than the
load from the effluent from the NW WTRP. Based on
available data, the load for the effluent from the NW
WTP was less than the load at site 3. The loads from
tributary inflow at sites 2, 7, and 8 did not contribute
substantialy to the increased bacteria loads down-
stream from the NW WTP. However, some of the fecal
coliform instantaneous |oads from the tributaries were
determined using only one or two samples.

Isolates of E. coli were obtained from water sam-
ples collected at site 1 (four samples), site 4 (one sam-
ple), site5 (four samples), and site 6 (four samples) and
were submitted for rep-PCR pattern analysis. This
technique hasbeen used in effortsto identify the source
of fecal coliform and E. coli contamination in water
bodies with varying results (Parveen and others, 1999;
Schlottmann and others, 2000). Whereas most efforts
to determine the source of bacteriain streams rely on
indirect measures of inorganic and organic constitu-
ents, analysis of rep-PCR patterns has the promise of
directly linking the bacteria to their source using DNA
ribopatterns. The technique relies on the assumption
that ribopatterns of E. coli from various animal species
will be unique. However, little is known about the tem-
pora and geographic variability of ribopatterns within
asingle animal group or the potential sharing of
ribotypes between various animals. The rep-PCR pat-
tern analysis involves using multivariate statistical
methods to compare patterns in large data sets. The
method compares the degree of similarity of the pat-
terns from unknown samples to known patternsin a
data base—not the rigorous hypothesistest that is com-
monly done with water-quality data. For this study,
three host classeswere chosen for inclusion in the anal -
ysis—cow, horse, and human sewage. The choice was
based on the presence of cows and horsesin the basin
and the effluent from the NW WTP. Pattern matching
was done using discriminate analysis; a pattern was
considered to be amatch if the probability of a match
was 0.80 or larger. As additional patterns are added to
the data base of “known” patterns, the degree of simi-
larity between unknown and known patterns constantly
changes. Because of the large degree of uncertainty in
the methods, results of the method were experimental

16 Water Quality in the Little Sac River Basin near Springfield, Missouri, 1999-2001
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Figure 7. Instantaneous fecal coliform bacteria loads in the study area, 1999-2001.

for the purpose of this study, and interpretations of
these data were made in conjunction with other data
and information.

Water samples collected in March, April, June,
and July 2001 were submitted for rep-PCR pattern
analysis. Samplesfrom sites 1, 5, and 6 were collected
in March, June, and July. Samples collected in April
were from the aforementioned sites with an additional
samplefrom site4. However, no readabl e patternswere
obtained from site 4, probably because of interference
from chlorine that was used to disinfect the effluent
from the NW WTP.

Patterns were obtained from 102 isolates from 9
water samples (table 3). Resultsindicated that 62 of the
102 isolates matched the nonhuman group and 4 iso-
lates matched the human group with aprobability of 80
percent or larger. The rest of the isolate patterns were
not matched to either the human or the nonhuman
group.

In samples collected in March 2001, before dis-
infection of the effluent fromthe NW WTP, all matches
were nonhuman. Of the 35 isolates, 30 were classified
as horse. The lack of human matches at site 5 isincon-
sistent with thefact that the effluent from the NW WTP
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Table 3. Number of Escherichia coli isolates in water samples assigned to various sources by rep-PCR pattern analysis

[rep-PCR, repetitive element polymerase chain reaction; sample collected at site 4 on April 24, 2001, produced no readable patterns; no suitable bacteria

were cultured for ribotyping in samples collected on June 14, 2001]

Possible source using three-class analysis
(probability of 0.80 or larger)

Site Number of Percent
(fig. 1) Date isolates identified Horse Cattle Human Unknown
1 03-22-01 15 93 14 0 0 1
04-24-01 16 62 4 4 2 6
07-05-01 10 50 4 1 0 5
5 03-22-01 10 100 10 0 0 0
04-24-01 15 73 4 6 1 4
07-05-01 7 0 0 0 0 7
6 03-22-01 10 70 6 1 0 3
04-24-01 8 50 1 2 1 4
07-05-01 11 45 2 3 0 6

isabout 50 percent of theflow at the site. However, site
5isadjacent to ahorse stable and horseswere observed
within about 0.5 mi of the site during the time of most
sample collections. Cows were observed within afew

hundred feet of site 6 (one cow match of seven nonhu-
man matches).

In April 2001 after disinfection had begun at the
NW WTRP, samples upstream and downstream from the
NW WTP had 4 of 39 isolates (10 percent) that
matched the human group with a probability of 0.80 or
larger. The one human group match for site 5isconsis-
tent with the large quantity of effluent from the NW
WTP that comprisestheflow at the site, and a match at
site 6 indicates that possibly a small component of the
effluent is still present at this site or that other sources
exist, such asleaking septic systems. However, most of
the matches were nonhuman (21 of 39 isolates, or 54
percent). In samples at all sites, the number of matches
for cow equalled or exceeded the number of matches
for horse.

No suitable bacteria were cultured for rep-PCR
pattern analysisin the samples collected in June 2001.
Samplescollected in July 2001 had 10 matchesfrom 28
isolates (36 percent). All matches were nonhuman.

All water samples submitted for rep-PCR pattern
analysis and one additiona water sample collected
from sites 1, 5, and 6 in July 2000 were tested for the
human pathogen E. coli O157:H7. Cattle are thought to

be the predominant source for this organism (Sargeant
and others, 1999) although avariety of animals, includ-
ing wild deer, could be the source. No E. coli O157:H7
were detected in any of the water samples.

The small number of human patternsis consis-
tent with the relatively small human population in the
study area. However, this number of human patternsis
not consistent with the fact that effluent from the NW
WTPisalarge part of the flow in the Little Sac River
at certain sampling sites. No sample was available for
rep-PCR pattern analysis for the effluent from the NW
WTP. The presence of effluent from the NW WTP may
explain the detection of the human isolate at site 5. Site
6wasinthevicinity of several single-family residences
with septic systems. Effluent from these systems may
explain the detection of the human isolate at this site.
The detection of human isolates at site 1 also probably
isthe result of effluent from septic systems. The pres-
ence of horse and cattle isolates is consistent with the
presence of these animals near sites 1, 5, and 6.

The rep-PCR pattern results generally were con-
sistent with land-use patterns, such astheidentification
of horse patterns near a horse stable at site 5. However,
aconcern of the concept of the rep-PCR pattern analy-
sisisthe variation in number of unknown isolates
matching animal sources as the number of potential
sourcesis changed. For example, in samplesfrom sites
1, 5, and 6 collected March 2001, 30 of 35 isolateswere
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assigned to the horse group for athree-class analysis,
with a match having a probability of 0.80 or larger.
When the class was expanded to four by the addition of
swine, thematchesfor sites 1 and 5 remained the same.
For site 6, two additional isolates were reassigned to
horse making the total of eight in this group. The one
cattle isolate was removed. Based on these results, the
rest of the samples were analyzed using only the three
classes of horse, cattle, and human.

Because the techniques of the rep-PCR pattern
analysis gtill are in the experimental stages, alarge
degree of uncertainty existsin the results. Additional
samples are needed to confirm the results of this study.
Technology for therep-PCR pattern analysis, including
the software available to analyze the results, has
improved. Because regional differences exist in organ-
isms (Hartel and others, 2002), samples of known
sources need to be collected from the Little Sac River
Basin.

Inorganic Constituents

Calcium concentrations in the study area were
largest in samples collected upstream in the Little Sac
River and tended to decrease downstream. The median
calcium concentrations were 82 (site 1) and 84 mg/L
(site 3) upstream from the NW WTP, 74 mg/L in the
effluent from the NW WTR, 78 mg/L at site 5, 76 mg/L
at site 6, and 65 mg/L downstream at site 9.

M edian magnesium concentrations were largest
a site 7 (18 mg/L), amost twice those detected at the
NW WTP and at sites 8 and 9. Samples from site 7, in
thelower part of the study area, had concentrationsthat
ranged from 17 to 21 mg/L during the study. Rocks
directly underlying the North Dry Sac River (site7) are
mostly dolostone (cal cium-magnesium carbonate)
instead of the limestone rocks (calcium carbonate) that
occur throughout most of the study area (Missouri
Division of Geology and Land Survey, 1979). The
magnesium concentrations at site 7 possibly reflect
magnesium-rich ground water that discharges to the
river.

Median sodium and chloride concentrations,
which can be indicators of municipal and industrial
wastes and urban runoff, in the Little Sac River seemto
be affected by effluent from the NW WTP (site 4; fig.
5). The median sodium concentration in water samples
from the NW WTP was 120 mg/L, and the median
chloride concentration was 175 mg/L . Effects of the
increased sodium concentrations were still detected at

the most downstream site (site 9), which had a median
concentration of 21 mg/L. Immediately downstream
from the NW WTP, the median sodium concentrations
were 47 (site 5) and 36 mg/L (site 6). Median sodium
concentrations of tributary inflow were less than 10
mg/L. Chloride concentrations were similarly small.
Downstream from the NW WTP at site 5 the median
chloride concentration was 71 mg/L, 60 mg/L at site6,
and decreased to 33 mg/L at site 9. Tributary inflow had
amedian chloride concentration of lessthan or equal to
15 mg/L.

A common source of sodium and chloride may
be from the application of road salt during winter
months. Samples collected during December through
March, when road salt would be applied, generally had
chloride concentrations larger than concentrationsin
samples collected during the other months of the year
at site 1 and in the effluent from the NW WTP (site 4;
table 1).

Sulfate concentrations, similar to other inorganic
constituent concentrations, were largest in the effluent
from the NW WTP (median concentration of 34 mg/L)
and decreased downstream to 20 mg/L at site 5, 19
mg/L at site 6, and 18 mg/L at site 9. The median con-
centration of 23 mg/L at site 7 was the largest for al
tributary inflows.

Nutrients

Nutrients, including nitrogen and phosphorus
species, can have detrimental effects on desired uses of
water and may serve as indicators of possible contami-
nation. Possible sources of nutrients in the study area
include horse, cattle, and human wastes, fertilizers, and
the NW WTP. The USEPA has established amaximum
contaminant level of 10 mg/L for nitrate (as nitrogen)
in public drinking water supplies (U.S. Environmental
Protection Agency, 1988) because high concentrations
of nitrate can cause blue-baby syndrome in infants.
Although beneficial usesfor the Little Sac River do not
include drinking water supply, the river flows into
Stockton Lake, which is used as a drinking water
source for Springfield. The nutrients analyzed in this
study includetotal nitrite, nitrite plusnitrate, ammonia,
phosphorus, and orthophosphorus.

Nitrite, considered unstable in water exposed to
the atmosphere, is used as an indicator of contamina-
tion from sewage disposal or organic waste (Hem,
1992). Nitrite concentrations were less than 0.06 mg/L
at all sitesin the study area except for the effluent from
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the NW WTP. The concentration at the effluent ranged
fromlessthan 0.01to 0.31 mg/L. Nitrite concentrations
from tributaries to the Little Sac River generally were
less than 0.01 mg/L.

Nitrite plus nitrate concentration (fig. 8) ranged
from 0.62 to 2.3 mg/L at site 1 (median of 1.1 mg/L)
and from 0.87 to 1.7 mg/L at site 3 (median of 1.4
mg/L). Concentrations in the effluent of the NW WTP
ranged from 0.13 to 8.1 mg/L. The median concentra-
tion at site 4 was 6.4 mg/L. The nitrite plus nitrate con-
centrationsranged from 1.3t0 5.0 mg/L (median of 2.2
mg/L) at site 5 decreased at site 6 to amedian of 1.2
mg/L (ranged from 0.09 to 2.2 mg/L), and further
decreased to amedian of 0.56 mg/L at site 9. The con-
centrations at site 9 ranged from 0.02to 1.2 mg/L. The
nitrite plus nitrate concentration from tributaries gener-
ally waslessthan 1.0 mg/L. Runoff upstream from site
8 during the February 2001 samplecollectionincreased
the concentrationin Asher Creek to 1.7 mg/L and inthe
Little Sac River at site 9to 1.2 mg/L (table 1).

The nitrite plus nitrate concentrations were sig-
nificantly different (p<0.05) from samplesat sites4 and
5 than for the rest of the sites on the Little Sac River.
The concentrations at these two sites indicate effects
from the effluent from the NW WTP. Concentrations at
site 6 were similar to those from sites upstream from
the NW WTP, and concentrations at site 9 were similar
and gradually decreasing.

Total concentrations of ammoniawere similar at
site 1 upstream from the NW WTP and in the effluent
fromthe NW WTP (fig. 6). At site 1, the concentration
ranged from lessthan 0.01t0 0.28 mg/L, and at site 4 it
ranged from 0.03 to 0.61 mg/L. The median ammonia
concentrations were 0.12 and 0.11 mg/L at sites 1 and
4. The ammonia concentration in the Little Sac River
decreased downstream from the NW WTP at sites 5, 6,
and 9.

At site 1 upstream from the NW WTR, potential
sources of ammonia were present that are unrelated to
the NW WTP. These sources could include fertilizer
use or livestock that are present in this part of the study
area. The concentrationsfromtherest of thesitesonthe
Little Sac River were less than those at sites 1 and 4.

Phosphorusisacomponent of sewage, isaways
present in animal waste, is used asfertilizer, and is
present in certain insecticides. Although the use of
phosphate (an oxidized state of phosphorus) has been
limited in household detergents, domestic and indus-
trial sewage effluent probably remains alarge source of
phosphorus in surface water (Hem, 1992). The largest

concentrations of phosphorus detected during the study
generally werein samples from the effluent at the NW
WTP (fig. 6). Phosphorus concentrations ranged from
0.08 to 5.0 mg/L. The median phosphorus concentra-
tion at site 4 was 0.20 mg/L. Median phosphorus con-
centrations at sites 5 and 6 decreased from those
detected in the effluent of the NW WTP and further
decreased at site 9. The median phosphorus concentra-
tion at site 9 was 0.08 mg/L . Phosphorus concentra-
tionswere similar at sites 1 and 3 upstream from the
NW WTP. M edian phosphorus concentrations detected
upstream fromthe NW WTPfor sites 1 and 3were 0.02
mg/L.

Orthophasphorusconcentrationsinthe Little Sac
River were statistically similar for sites downstream
from the NW WTP, including the effluent from the NW
WTP. These concentrationslikely indicate effectsfrom
the effluent at the NW WTRP, with adlight decrease in
othophosphorus concentrationsin the lower part of the
basin.

Selected Trace Elements

Boron may be present in industrial wastes and
sewage because it has numerous industrial usesand is
used in cleaning products in the form of tetraborate
(borax). Boron concentrations at site 1 [range of 10 to
34 ug/L (microgramsper liter), median of 18 ug/L] and
site 3 (range of 10to 33 ug/L, median of 23 ug/L) were
similar. Boron concentrationsin samplesof the effluent
from the NW WTP ranged from 160 to 220 pg/L, and
the median concentration was 195 ug/L, which contrib-
uted to theincreasein boron concentrationsintheLittle
Sac River downstream from the NW WTRP. The boron
concentration at site 5 ranged from 30 to 110 pg/L
(median of 55 ug/L) and at site 6 from 30 to 88 pug/L
(median of 45 pg/L). The median concentration at site
9was 31 pg/L. Median boron concentrations from trib-
utaries to the Little Sac River were less than 10 ug/L.

The median strontium concentrations were simi-
lar intheLittle Sac River between site 1 (80 ug/L), site
3 (81 pg/L), and site 4 (86 ng/L). The median concen-
trations downstream from the NW WTP were 79 nug/L
a site5and 62 pg/L at site 9. The strontium concentra-
tionsin samplesfrom tributariesto the Little Sac River
were less than 60 pg/L.

20 Water Quality in the Little Sac River Basin near Springfield, Missouri, 1999-2001



CONCENTRATION, IN MILLIGRAMS PER LITER

10.00

1.00

0.10

0.01

10.00

1.00

0.10

F 14y 1 T T 3 1.00 I I I I B
C (14) 7 - ]
L %  Nitrite plus nitrate B (14) 7
- as nitrogen E B Ammonia as nitrogen 7]
i 4 (14) T
I © 1 L (9 ]
= |
3 E . * -
C ] (6)
L - 0.10 (6) .
L i r * 7
L (14) .
° . i
F * E L 4
- N - * D -
0.01
F T | T 3 10.000 ¢ T T | | E
o (14) 3] F (14) 3
L ) Phosphorus ] C ]
L 4 L Orthophosphorus |
L i L (14) as phosphorus
I (14) ] *
* 1.000 = =
- _ r (14) ]
C * ] L i
C (31) ] i i
L i (6)
- - 0.100 —
i (6) ] C (14) ]
- O (6) -
= = - o i
C (14) ] 0010 — — =
C f ®) i c 3
| | | | | | 0.001 | | | | | |
1 3 4 5 6 9 1 3 4 5 6 9
SITE SITE
EXPLANATION
(14) NUMBER IN PARENTHESES—Number of samples
o VALUE GREATER THAN 3.0 TIMES THE INTERQUARTILE RANGE ABOVE BOX
% VALUE WITHIN 1.5 AND 3.0 TIMES THE INTERQUARTILE RANGE ABOVE BOX
—— LARGEST VALUE WITHIN 1.5 TIMES THE INTERQUARTILE RANGE ABOVE BOX
—— 75th PERCENTILE
—— 50th PERCENTILE (MEDIAN) > INTERQUARTILE RANGE
—— 25th PERCENTILE
—— SMALLEST VALUE WITHIN 1.5 TIMES THE INTERQUARTILE RANGE BELOW BOX
* VALUE WITHIN 1.5 AND 3.0 TIMES THE INTERQUARTILE RANGE BELOW BOX
o VALUE GREATER THAN 3.0 TIMES THE INTERQUARTILE RANGE BELOW BOX

Figure 8. Distribution of selected nutrients in the Little Sac River, 1999-2001.
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Organic Compounds

Water samplesfrom several sites contained trace
guantities of organic compounds commonly associated
with municipal or domestic sewage effluent (table 4, at
the back of this report). However, severa of the com-
pounds detected have sources other than sewage efflu-
ent. Polynuclear aromatic hydrocarbons (PAHSs) can be
associated with asphalt roads, concrete water proofing
on foundations, and asphalt roof shingles. Plasticizers
are extremely common in an industrialized society
because they are in many products and, therefore, are
commonly reported | aboratory contaminants. For these
reasons, PAH data were not used in interpretationsin
this report. Cholesterol and 3-beta-coprostanol are
indicators of fecal contamination and can be associated
with other waste sources besides municipal or domestic
sawage effluent, such as animals. The wood preserva-
tive para-cresol may be present in treated lumber used
in structures. Unless para-cresol is detected in combi-
nation with other compounds more specific to human
wastes, its detection is not indicative of municipal or
domestic sewage effluent.

Of the organic compounds detected in the water
samples from the Little Sac River Basin, the most reli-
able indicators of municipal or domestic sewage efflu-
ent are caffeine, the disinfectants phenol and triclosan,
nonylphenol (detergent metabolite), nonylphenol
monoethoxylate (NPEOL) and nonylphenol diethoxy-
late (NPEO?2) (associated with nonionic detergent use),
the fire retardant tri(2-chloroethyl) phosphate, and 1,4-
dichlorobenzene (lavatory fumigant). These eight com-
pounds are referred to as human wastewater com-
pounds and their detection may indicate effects from
municipal or domestic sewage effluent. The number of
detections of human wastewater compounds was nor-
malized by dividing the number of detections at a par-
ticular site by the number of samples collected from
that site to give a human wastewater “score” (fig. 9).

Site 4, the effluent from the NW WTP, had the
largest human wastewater score of 6.5 with 39 detec-
tionsin 6 samples, indicating the largest effect from
human wastes. Only 6 of the 46 compounds analyzed
for were not detected—stigmastanol, cis-chlordane,
codeine, dieldrin, methyl parathion, and diethyl phtha-
late. Ten compounds were detected only once.

The second largest wastewater score (4.3 with 26
detectionsin 6 samples) was at site 5 immediately
downstream from the NW WTP. The scores decreased
with increasing distance downstream in the Little Sac

River, reaching alow of 1.5 at site 9. The decreasein
the human wastewater score indicates dilutions of
municipal wastewater effluent downstream in theriver.

Upstream from the NW WTP, the human waste-
water scoresin the Little Sac River were 1.8 at site 1
(11 detectionsin 6 samples) and 0.75 at site 3 (3 detec-
tionsin 4 samples). Samples from these two sites con-
tained caffeine, phenol, and cholesterol, which may
indicate effects from septic tanks.

45

a0t

35

30

25+

20

COMPOUNDS ASSOCIATED WITH DETECTION OF
WASTEWATER AND HUMAN WASTEWATER SCORE

1 3 4 5 6 9
SITE

EXPLANATION

O TOTAL NUMBER OF DETECTIONS
[0 HUMAN WASTEWATER SCORE

Figure 9. Number of detections of compounds associ-
ated with wastewater and human wastewater score in
the Little Sac River, 1999-2001.

The human wastewater scores from samples of
tributaries flowing into the Little Sac River ranged
from 0.5 at site 7 to 1.5 at site 2. The scores from sites
7 and 8 in the lower, sparsely populated part of the
basin indicate little effect from municipal or domestic
sewage effluent even though cholesterol, an indicator
of fecal contamination, was detected in a sample from
site 8. This detection also is consistent with large bac-
teriadensities and pastured animals observed near the
sampling site. The detection of caffeine, phenol, and
triclosan at site 2 may indicate effectsfrom septic tanks
in this part of the study area.
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The compound N,N-diethyltoluamide or DEET
is an insecticide and repellent. This compound was
present in samplesfrom all siteson the Little Sac River
and its tributaries (detected in 29 of 43 samples) and
was detected in samples collected throughout the entire
sampling period. The presence of this compound possi-
bly can be attributed to widespread use of the com-
pound, continual usage throughout the year, little
ability to biodegrade in water (National Library of
Medicine, 2002), adsorption to suspended solids and
sediment (National Library of Medicine, 2002), or ana-
Iytical error.

Optical brighteners are added to laundry deter-
gents as whiteners for cotton and other plant-derived
textiles and enter septic systemsin gray water. Detec-
tion of optical brightenersin awater sampleisanindi-
cator of effects from septic systems. Optical bright-
eners were detected in water samples from site 1 and
site 4 collected in November 1999, July 2000, and
April 2001. The intensity of the optical brighteners
detected was larger at site 4 than the intensity at site 1.

Detections of human wastewater compounds at
site 1 are consistent with the detection of human pat-
terns by ribopattern analysis and with the possibility of
effluent leaking from septic systems. The large human
wastewater score at site 4 isreasonable becausethissite
isthe effluent from the NW WTP. The decreasesin the
number of detections of wastewater compoundsand in
the human wastewater score downstream from the NW
WTP are consistent with dilution of the effluent as dis-
chargeincreasesin the Little Sac River. The detection
of ahuman patternintheribotypeanaysisat sites5 and
6 is consistent with the presence of wastewater com-
pounds.

SUMMARY AND CONCLUSIONS

The Little Sac River, north of Springfield, Mis-
souri, flows through mainly agricultural and forest
land. Most of the study areais sparsely populated, even
though the northern part of Springfieldisdrained by the
Little Sac River, so runoff from an urban area contrib-
utes flow to theriver. Farmsin the area have livestock,
mainly horses and cattle, some with direct accessto the
river. The Little Sac River flows into Stockton Lake,
which is a supplemental drinking water source for
Springfield.

The 29-river mi (mile) reach of the lower part of
the Little Sac River ison the 1998 list of waters of Mis-
souri designated under section 303(d) of the Federal

Clean Water Act. Fecal coliform bacteria densities
exceeded the Missouri standard of 200 col/100 mL
(colonies per 100 milliliters) for whole-body contact
recreation in water samples from the Little Sac River
near Walnut Grove (site 6).

The U.S. Geological Survey (USGS), in cooper-
ation with the Watershed Committee of the Ozarks,
conducted astudy from November 1999 through A pril
2001 to determine the water quality of the Little Sac
River, upstream from the Northwest Wastewater Treat-
ment Plant (NW WTP) to thejunction of the Little Sac
River with Stockton Lake, with an emphasis on fecal
coliform bacteria density and nutrient concentrations.
Fecal coliform bacteria densities exceeded 200
col/100 mL in 2 of 32 samples and exceeded the Mis-
souri standard for whole-body contact recreation
(standard only applies from April 1 through October
31) in 1 of 32 samplesfrom site 6. Fecal coliform bac-
teria densities at other sites along the Little Sac River
both upstream and downstream from the NW WTP
exceeded the Missouri standard in one sample from
sites 1, 2, and 5, and the standard was equalled once at
site 3. Sites 1, 2, and 3 were upstream from the NW
WTP, and site 5 was downstream.

To meet the standard for whole-body contact
recreation for the Little Sac River, the NW WTPdisin-
fectsthe effluent it dischargesinto theriver from April
1 through October 31 annually. When the outflow
fromthe NW WTP was not disinfected, fecal coliform
bacteria densities at the NW WTP ranged from 50
(sample collected on November 1, 2000) to 10,100
col/100 mL. Densities during the time of disinfection
(April 1 through October 31) ranged from 10 to 100
col/100 mL.

When the outflow is not disinfected from
November to March, large fecal coliform densitiesin
the effluent are input into the Little Sac River. How-
ever, thedensity at site5issimilar tothoseat sites1 and
3. This probably isthe result of bacteria die-off and
dilution by increased discharge.

From April 1 through October 31, when the NW
WTPisdisinfecting the outflow to the Little Sac River,
fecal coliform densities in the outflow were less than
100 col/100 mL (median density of 30 col/100 mL).
Fecal coliform densities generally were larger up-
stream and downstream in the Little Sac River than
coliform densitiesfrom the NW WTP. Other sources of
bacterialikely are present in the study area, in addition
to the NW WTP. These potential sourcesinclude efflu-
ent from domestic septic systems and animal wastes.
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Fecal coliform bacterialoadsincreased upstream
from the NW WTP from the most upstream site to the
siteimmediately upstream from the NW WTP. Loads
in the effluent from the NW WTP and al so those in the
Little Sac River downstream from the NW WTP were
dependent on the treatment of the effluent. When the
effluent was not disinfected, the loads in the effluent
increased from those upstream. Downstream in the Lit-
tle Sac River, the loads decreased, but then increased at
the most downstream site. Theincrease may be aresult
of increased loads from tributaries and other sources
not sampled during the study. When the effluent was
disinfected, fecal coliform bacterialoadswerelessthan
loadsin samples from the Little Sac River downstream
from the NW WTP.

Results of repetitive element polymerase chain
reaction (rep-PCR) pattern analysisindicate that 62 of
102 isolatesof Escherichia coli (E. coli) extracted from
9 water samples probably were from nonhuman
sources. The detection of human patterns at sites 5 and
6 is consistent with effluent from the NW WTP being
part of thedischargein the Little Sac River. Human pat-
terns detected at site 1, with no obvious wastewater
source, may be indicative of leakage from domestic
septic systems. The predominance of horse patterns
detected in the study areais consistent with the pres-
ence of horses near the sampling sites.

Nutrient concentrations in the effluent from the
NW WTP affect the water quality of the Little Sac
River downstream from the NW WTP. The median
nitrite plus nitrate concentration was 6.5 mg/L (milli-
grams per liter) at the NW WTP and decreased to 2.2
mg/L at site5 and 1.2 mg/L at site 6, which was the
approximate median concentration upstream from the
NW WTP (1.3 mg/L at site1 and 1.4 mg/L at site 3).
Other sources of bacterialikely are present in the study
area, in addition to the NW WTP. These potential
sources include effluent from domestic septic systems,
fertilizer use, and runoff from areas containing live-
stock.

Organic compounds associated with wastewater
were detected throughout the study area, although the
frequency of detections was small at sites 7, 8, and 9.
The effluent from the NW WTP had 39 detectionsin 6
samples. Downstream at site 5, there were 26 detec-
tionsin 6 samplesand at site 6, 16 detectionsin 6 sam-
ples. The effluent from the NW WTP contributes
organic compounds to the Little Sac River. However,
organic compounds associated with wastewater efflu-
ent were detected upstream from the NW WTP and

their presence indicates likely contamination from
other sources, which could include seepage from septic
tanks.

The effects of the effluent from the NW WTP on
the water quality of the Little Sac River downstream
fromtheinflow arereflectedinanincreasein discharge
(inflow from the NW WTP can be as much as 50 per-
cent of the flow at site 5), an increase in specific con-
ductance values, an increase in several inorganic
constituent concentrations, including calcium, magne-
sium, and sulfate, and alarge increase in sodium and
chloride concentrations. The effluent from the NW
WTP seems to have no effect on the pH value, temper-
ature, and dissolved oxygen concentrations.
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